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Abstract: Engineering, procurement and construction 
(EPC) business in Europa is increasingly under pressure. 
Lack of productivity, low or negative profit margins for 
investors, and the lack of adopting necessary innovations 
and digitalization—from engineering activities through 
operations and maintenance to decommissioning—have 
caused significant deprivation of business and compet-
itiveness compared to emerging providers in Asia. The 
quest for reducing capital expenditures (CAPEX) in EPC 
projects is intensifying. In May 2018, a research project 
was started to analyze the situation and key trends 
through desk research, to research how the challenges of 
the business could be tackled and to derive practical guid-
ance for EPC contractors as well as for investors, owners, 
and operators (O/O). The project aimed to propose inno-
vative ways of improving the EPC business model to reach 
the next level (“EPC 4.0”). In doing so, lessons learned 
from the automotive and aviation industry were con-
sidered. A key objective of the research project was to 
challenge statements of international EPC experts to cut 
CAPEX by 40–50% in EPC projects. With this statement 
in mind, the research focused on identifying measures 
with potential in six areas: (1) digitalization, (2) partner-
ing, (3) flat supply chains, (4) flexible organizations, (5) 
core competences, and (6) the human factor. Summariz-
ing the findings in these areas, the EPC 4.0 project came 
to a savings potential of up to 50% of the total budgeted 
project costs.
Keywords: EPC, CAPEX, competitiveness, productivity, 
digitalization, partnering, human factor
1  Introduction
The financial crisis in 2008 and the oil price crash in 2014 
severely hit the profitability of operations in the oil and 
gas, chemical, energy, and other associated industries, 
and consequently, the engineering, procurement and con-
struction (EPC) business that is built on the investments 
in these industry sectors. Low commodity prices in recent 
years have continued to discourage investors from financ-
ing industrial production. The industry is still suffering 
even after a full decade, but not only because of this crisis. 
Low productivity growth, low degree of digitalization, 
and low investment in R&D have disconnected this indus-
try from the positive evolution that other industries have 
experienced over the last 10–20  years—the stock market 
is celebrating successes elsewhere. While the Dow Jones 
Industrial Average (DJIA) increased in the 10  years from 
2008 to 2018 by more than 80%, the Dow Jones Construc-
tion Index fell by 30% in the same period.
However, there is still a significant demand for indus-
trial plants. The world population is growing; production 
output will continue to grow on a global scale, and the 
need to build new production facilities will do, too. The 
backlog of 10 lost years for the EPC industry is immense. 
Brownfield investments to revamp existing facilities add 
to this huge market. The engine of the EPC business has 
started up again. But nothing will be the same as before 
2008 because the traditional business model in EPC has 
no future.
Prominent voices are calling on the industry to cut its 
capital expenditures (CAPEX) by 40–50%. This doesn’t 
just mean fine-tuning of performance; this ambitious 
target necessitates radical changes. Within the entire 
value chain from CAPEX to OPEX, from the EPC of indus-
trial plants to their operation and maintenance, money 
is wasted as a result of disastrous project planning and 
execution, and inefficient operations. Money is spent that 
does not add any value to basic business objectives. The 
Construction Industry Institute (CII, Texas) determined 
that 40% of project costs are just transactional costs—
imagine the potential of cutting these down! A radical 
 Open Access. © 2020 Wagner, published by Sciendo.     
This work is licensed under the Creative Commons Attribution NonCommercial-NoDerivatives 4.0 License.
*Corresponding author: Reinhard F. Wagner, Tiba 
 Managementberatung GmbH, Board of Directors, Munich, Germany. 
E-mail: reinhard.wagner@tiba.de
2246   Wagner, Quest of reducing CAPEX in EPC projects
business transformation that would put the EPC business 
on par with the efficiency of the automotive or aviation 
industry would unleash money from investors. There is 
no lack of money. The EPC sector is simply not effective 
enough to attract it!
In May 2018, a German think tank kicked off an inno-
vation initiative to develop practical guidance for EPC 
contractors as well as for investors, owners, and opera-
tors on how to approach innovative business models for 
industrial projects and operations, from EPC to O&M. The 
research focused on qualitative methodology rather than 
on quantitative figures to capture the nuances of practice 
and provide insights from practitioners for practitioners. 
Wherever quantitative figures are referred to, they are 
intended to indicate the “hidden potential” and should 
not be misunderstood as statistic values.
Based on practical experience, an in-depth analysis 
of the present situation, key trends for the business, and 
the need for change was done, scanning a multitude of 
reports, articles, conference proceedings, and literature. 
Ideas on how business could improve were developed 
and validated during in-depth interviews with 20 industry 
representatives. During conferences and intensive work-
shops, potential solutions were discussed and refined, 
before an online survey captured the magnitude of cost 
reductions in each area. Case studies were identified for 
each improvement area, highlighting the realization of 
improvements in practice and discussing advantages 
together with disadvantages.
This article summarizes the actual situation and key 
trends, highlights the potentials for improving the EPC 
business with targets for CAPEX savings, and concludes 
on the results. The final report of the research project was 
released in 2019 (Ritsche et al. 2019).
2  Situation of the EPC business
The term “EPC” refers to a particular form of contract-
ing arrangement used in some industries where an EPC 
contractor is made accountable for a multitude of activ-
ities—from design, procurement, construction, to com-
missioning and handover of the deliverables to the owner 
or operator. EPC projects are typically large and complex. 
They can be found in many industry segments, including 
but not limited to industrial plants, oil and gas, mining, 
power generation, or large infrastructure (Ritsche 2019; 
Wagner 2019).
September 15, 2008 is a historical milestone that 
marks a turning point for the EPC industry. The day 
Leman Brothers collapsed and stock exchanges around 
the world lost billions of Dollars was the starting point 
for one lost decade in EPC business. The price of crude oil 
is the most prominent indicator determining the overall 
economic performance. The World Bank publishes its 
outlook (Worldbank 2018) of commodity prices quarterly, 
and owners/operators of industrial plants producing com-
modities carefully plan their investments in step with this 
prognosis.
The oil price had climbed to an unprecedented spike 
in 2008, driven by the rapidly increasing demand in the 
emerging economies but also production cuts by the 
Organization of the Petroleum Exporting Countries, before 
it collapsed as a consequence of the global recession trig-
gered by the financial crisis in 2008 (see Figure 1).
Economic recovery sent back the oil prices to levels 
above 100–125 USD between 2010 and 2014, before it suf-
fered another steep drop in 2014. This second drop was 
caused by the same economies that fueled the oil price 
with their massive demand the years before and then 
struggled to maintain their growth, above all China, fol-
lowed by India, Russia, and Brazil. The high oil prices from 
2010 to 2014 triggered North America to expand its capa-
bilities to extract the black gold from its oil sands, further 
contributing to the negative effect of low demand. Last but 
not least, Saudi Arabia continued to exploit its resources 
with high production levels. All in all, the oil price col-
lapsed to levels down to 40 USD and has not recovered 
since. The World Bank forecast has been corrected to 
lower levels in recent years, and the pressure remains on 
all investors to plan their business based on continuously 
low commodity prices, putting high pressure on CAPEX as 
well as OPEX.
As a consequence of the collapse not only of the oil 
price but also of the price of other commodities such as 
natural gas, owners put their investments on hold. The 
result was a dramatic decline in order intake for those 
companies that were relying on orders from industrial 
Fig. 1: Commodity Markets Outlook, April 2018 (Worldbank 2018).
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plant operators, EPC contractors, the supply chain of 
manufacturers, but also service providers in all fields, 
including operation and maintenance.
The strong decline in order intake hit developed 
economies such as Germany especially hard. The VDMA 
(Germany´s Mechanical Engineering Industry Associa-
tion) determined that the order intake for the large EPC 
projects by German companies dropped from 33 billion 
Euros in 2008 down to 19 billion Euros in 2016 (VDMA 
2017a) (see Figure 2). Companies with low capital assets 
collapsed, others were forced to merge, and yet others 
were subject to acquisition by healthier competition, 
often based in Asia.
The rise of China is another game-changing factor 
for the global economy, and specifically in the EPC busi-
ness. While western economies are lacking long-term 
strategies, western governments acting from one elec-
tion to the next, and western companies acting from one 
quarterly report to the next, China´s strength is long-term 
planning. China is investing where the return-on-invest-
ment may pay back not before 5, 10, or even 20  years, 
while western companies are struggling with the massive 
decline in their business and consequently cannot release 
the cash to invest.
Global competition has always been strong, and com-
panies have their strategies to face this competition. Com-
petition from China, however, is felt as the toughest-ever 
threat to European companies. There is only one way out: 
European companies have to remember their strengths 
and have to invest in the fields of their strengths and have 
to defend—or regain—their leading position. Without 
investment into long-term strategies, this contest will be 
lost by European companies. The good news is: after a 
lost decade for the EPC business and after a decade of low 
demand for industrial production facilities, this market is 
starting up again. The backlog of one decade is immense, 
and the growing world population will guarantee a con-
tinuous demand for new capital projects. The market 
is big enough for it to require all available engineering 
resources in this world.
There is no precise definition of “EPC Industry”; con-
sequently, there are no reliable reports that determine the 
size of the global EPC market. Many reports refer to the 
global construction market, which is estimated to be a 10 
trillion USD market today and is expected to grow to 15 
trillion USD by 2030 (Global Construction 2015). Growth 
is primarily driven by the economies in China, India, the 
US, and Southeast Asian economies such as Indonesia, 
while the traditional players Europe or Japan may recover 
but will not surpass the levels before the financial crisis 
in 2008 (see Figure 3). Construction industry includes real 
estate and infrastructure, which make up the largest part 
of the market, but it can be assumed—depending on the 
definition of EPC industry—that EPC business has a share 
of 6–10% of this market.
Global market size for EPC projects of 600–1,000 
billion USD per year, and market growth of 50% over 
the next 15  years requires all players in this market to 
organize themselves more effectively to be in a position 
to execute all these projects. Considering that we are cur-
rently executing projects with an average cost overspend 
of more than 30%, there are huge opportunities in this 
market that would justify massive investments into the 
companies that execute these projects. However, as long 
as there is a poor performance of the EPC industry com-
pared to other industries, investors are reluctant to invest 
in this business.
Investors are driven by leading financial indica-
tors. The DJIA dropped dramatically with the financial 
Fig. 2: Order intake for large EPC projects in Germany 2008–2016 
(VDMA 2017a). Fig. 3: Forecast of the global construction market 2030 (Global 
Construction 2015).
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crisis in 2008; however, it managed to recover to previ-
ous heights within 5 years. Within one decade (01/2008 
to 01/2018), the DJIA increased by 86%—attractive for 
those who invested their money in this market. The Dow 
Jones US Heavy Construction Index (DJCI) is a leading 
indicator for the construction industry in general and 
(to a certain extent) can be taken as an indicator for the 
EPC industry. The DJCI suffered a dramatic drop in 2008 
as well, but even after 5 years, it remained 30% below 
its precrisis level. Another 5 years later, its performance 
had still not improved. While investors celebrated the 
record heights of the DJIA, those investing in the market 
represented by the DJCI suffered 30% losses after one 
lost decade.
There are several reasons for the massive underper-
formance of this sector, and there is a wealth of studies 
(e.g. Barshop 2016; Flyvbjerg 2017) and reports by 
business consultants that come to very similar results. 
From all these studies, three major factors are high-
lighted here:
2.1   Poor performance in the execution of 
capital projects
Studies, for example by McKinsey (McKinsey 2017a), con-
clude that capital projects are completed with an average 
of 37% cost overspend and 53% schedule overrun. The 
magnitude varies from sector to sector, but the oil and gas 
downstream business seems to hold the record with an 
average of 53% cost overspend (see Figure 4).
The reasons for these massive losses have been ana-
lyzed, and the conclusions are as follows (McKinsey 
2017a): “The failures in the core processes of project 
under-performance are well understood: post-project 
reviews generally audit the systems, process, and project 
management root causes for overruns. However, the dis-
ruptive influence of failures in project leadership, ineffec-
tive culture of the project organization, failed mechanisms 
of collaboration between multiple parties involved—and 
their increasing importance as the scale and complexity of 
projects increase—are typically not examined to the same 
extent.”
The report for the World Economic Forum in May 2016 
prepared in collaboration with Boston Consulting Group 
(BCG 2016) refers to these reasons for failure:
 – Lack of innovation and delayed adoption
 – Informal processes or insufficient rigor and consist-
ency in process execution
 – Insufficient knowledge transfer from project to project
 – Weak project monitoring
 – Little cross-functional cooperation
 – Little collaboration with suppliers
 – Conservative company culture
 – Shortage of young talent and people development
2.2   Poor productivity growth compared to 
other sectors
Productivity has grown continuously over the last few 
decades, between 50 and 70% for the overall economy 
within the past 20 years. Manufacturing has been leading 
productivity growth, almost doubling its real gross added 
value per hour worked by a person employed between 
1995 and 2015 (McKinsey 2017a). Productivity in con-
struction registered minor growth during the same period 
(see Figure 5).
Fig. 5: Productivity in construction (McKinsey 2017a).Fig. 4: Performance of megaprojects (McKinsey 2017a).
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2.3  Low level of digitalization
Another explanation for the massive productivity gap of 
our business in comparison with other industrial sectors 
is the low level of digitalization (VDMA 2017b). Again, we 
can refer to several analyses performed by major business 
consultancies, in this case, the TOP 500 Study 2014 by 
Accenture (Riemensperger et al. 2015) (see Figure 6).
While the elimination of the deficiencies that lead to 
massive under-performances in the execution of projects 
is an obvious measure to be taken by all companies in 
this sector, the players shall focus on the opportunities 
expected from closing the gap in the industry ranking 
(first) in digitalization, resulting (second) in the produc-
tivity growth that this industry needs to compete success-
fully for the investors´ money in the global market.
3  Key trends for the EPC business
The starting point of this “EPC 4.0” initiative was the White 
Paper “Time for Change—A vision for EPC 4.0” issued by 
Project Team in November 2017 (Ritsche 2017). From the 
variety of studies and reports that analyze the situation 
in the EPC sector, and from the variety of issues that are 
addressed by speakers at conferences held over the globe, 
the research project extracted key trends for its research:
3.1   Collaboration between O/O and 
EPC contractor
The traditional approach in EPC business to execute a 
project based on a lump-sum turn-key (LSTK) contract 
between the owner/operator and EPC contractor is adverse 
to the idea of joint collaboration. The LSTK contract causes 
each contractual party to focus on its claims against the 
other party and adds additional contingencies to budgets 
and schedules to protect against claims and to deal with 
uncertainties.
There is a trend for investors to think about strategies 
on how to marry CAPEX and OPEX and form one inte-
grated project team with the key players for the execution 
of the CAPEX project. Project alliance contracts are one 
model in which each party is incentivized to optimize both 
the CAPEX and the OPEX of the plant. Uncertainties and 
the consequential contingency costs are reduced owing to 
open books. Sustainable long-term-goals should prevail 
before short-term deadlines.
3.2  Collaboration with the supply chain
The traditional approach contracting the work from the 
top (O/O) to bottom through several levels to the EPC con-
tractor, subcontractors, and their sub-suppliers in a con-
tractual hierarchy generates losses of 40% of project costs 
as transactional costs. Relational contracting rather than 
roll-up contracts will flatten the supply chain, replacing 
the contracting hierarchy with a network.
Modularization and standardization are good meas-
ures to improve the integration of the supply chain into 
the plant design, but standardization to cut CAPEX should 
not compromise any optimization of OPEX. Many compo-
nents, however, are over-specified, and costs can be saved 
by eliminating these over-specifications. Scalable and 
agile platform strategies, such as in automotive design, 
permit standardization without eliminating necessary 
variances.
The traditional approach is to buy and own the equip-
ment. A different approach is to lease equipment over a 
period of time, which levels CAPEX costs. Alternatively, 
equipment may be paid-per-use, with the equipment sup-
plier remaining the owner and maintaining the equip-
ment over the life-time. This option could be attractive 
for suppliers of complex machinery, not only because of 
the profit generated in service contracts but also because 
of the opportunity to feed experience from operation and 
maintenance back into design improvements.
3.3   Flexible resourcing and agile 
EPC collaboration
Labor markets in high-cost countries do not provide 
sufficient qualified resources, with the consequence of 
further increasing labor costs. Companies with global 
hubs are shifting qualified work to low-cost countries. 
Fig. 6: Digitalization by sectors (Riemensperger et al. 2015).
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Fluctuations of staff (e.g. job-hopping), as experienced 
in Asia, will become common in high-cost countries, 
too. Highly qualified staff is not willing to accept cuts 
but moves on to where the work seems more attractive. 
Agile practices are increasingly adopted in EPC projects 
(Koschke 2019).
Companies are taking the approach of replacing 
hierarchies with network organizations that develop the 
flexibility to upscale and downscale their capacities to 
accommodate the huge upturn and downturn cycles in 
EPC business.
3.4   Digitalization and Industry 4.0/data and 
knowledge sharing
Potential new players might position themselves as pro-
viders of EPC as a Service and/or project management 
consultancy. They would offer a software-based solu-
tion and apply building information modeling (BIM) to 
manage the development and construction of a capital 
project.
The opportunities of digitalization and industry 4.0 
will require the EPC contractor and the owner/operator to 
build a partnership over the asset life cycle. The real value 
can be generated when the technology provider shares 
his engineering data with the operator, and the operator 
shares his O&M data with the technology provider. The 
analysis of big data from multiple plants leads to plant 
and process improvements that both technology provider 
and operator benefit from.
3.5  Project management and competencies
Projects fail because the established and known project 
management methods and tools are not applied (Ritsche 
2019). This is not about innovation; this is about bridg-
ing the gap between theory and reality between knowing 
what’s wrong and doing what’s right. The problem is not 
that processes or tools must be invented; the problem 
is the change of mindset in the organizations and their 
people and how to manage a culture of change.
Agile project management methods are success-
fully applied in other industries, especially in innova-
tion-driven businesses, such as software development. 
There may be a conflict between the necessity to digitalize 
the project management processes with controlled data 
workflows that may lack flexibility and the trend to agile 
project management methods. This conflict needs to be 
addressed and resolved.
4   Hidden potential of the 
EPC business
Today, industries are under permanent pressure to 
change and adapt. Innovative technologies, products, 
and services brought to market by companies in global 
competition create a race for leadership in all sectors of 
the economy. European companies in the EPC business 
cannot escape this pressure and aspire to catch up in this 
global race. However, much remains to be done as the EPC 
business in Europe has fallen far behind in recent years 
and must now make even greater efforts.
In recent years, studies have repeatedly revealed the 
gaps in European EPC business in terms of innovation, 
productivity, profitability, and business agility. European 
companies in the automotive, aerospace, mechanical and 
electrical engineering, as well as automation industries 
have worked continuously to improve their performance 
in recent years and are now among the global champi-
ons. The European EPC business needs to catch up and 
improve performance significantly. This is not a question 
of marginal improvement, but a quantum leap.
Prominent voices in the European EPC business are 
calling for significant changes, for example, the Global 
EPC Manager of Shell, Paul van Weert, who advocated 
during the ECI Annual Conference ´18 (ECI 2018) in 
Amsterdam: “We need to halve the cost of capital projects 
to enable them to do twice as many projects with the same 
allocated budget, not through putting more cost pressure 
on supply chains, but through fundamentally rethinking 
the delivery model.”
In summary, a step-change in the way projects are exe-
cuted is needed to secure the improvement of up to 50% 
in cost and 30% in the schedule. That won’t be achieved 
by squeezing the margins of suppliers, but calls for much 
deeper collaboration, more rigor in scoping projects, 
relying more on what the industry has on offer, standard-
ization, less prescriptive standards from the client and 
using digital twins more effectively from design through 
construction to the operation phase.
Stephen Mulva, Director of the CII, paints a dramatic 
picture of the situation and argues that the transactional 
costs are too high (CII 2018): “For the past several decades, 
our industry has emphasized the planning, technical, man-
agerial, and work process dimensions of our projects—at the 
expense of the numbers and the assets keeping us in busi-
ness. Forty percent (40%) of the cost of creating a new asset 
is currently wasted on transactional costs. It’s not a sustain-
able model. We have to employ the best business, financial, 
and accounting concepts and we’ve got to do it now.”
 Wagner, Quest of reducing CAPEX in EPC projects   2251
Transactional costs may be defined as costs associ-
ated with the exchange of goods or services, including 
payments to banks and brokers, search fees, as well as 
service fees to process these transactions. In EPC busi-
ness, transactional costs may also include financial fees, 
legal fees, dispute resolution costs along with logistics 
and communications costs. It also includes foundational 
work such as the cost of sourcing quotes, cost and sched-
ule benchmarking, assurance reviews, and so forth. 
Unfortunately, in EPC projects, transactional costs thrive 
owing to both lack of integration and to contractual and 
operational frictions between the multitude of stakehold-
ers involved during the project lifecycle.
Mulva advocates a new approach, the “Operation 
System 2.0” (CURT 2018). This vision is a multi-industry, 
collaborative, research-supported effort that aims to reor-
ganize industry procedures and standards and replace 
them with a standardized, technology-enabled platform 
that accommodates future changes and makes capital 
projects more financially viable and sustainable.
In an interview with d1g1tal AGENDA (2018), he points 
out the impact: “The existing business model is essentially 
like a pyramid: At the top, you have the owner, followed 
by the EPC, a series of subcontractors, a series of suppli-
ers, and they are working on the contract, both upwards 
and downwards. This model is very slow and expensive. 
With computers and AI, we are able to put everybody on 
what we call the Thin Platform OS 2.0. The impact can 
reach up to 35% cost reduction, 50% cycle time reduction, 
57% better ROCE, and 250% more projects.”
In 2017, an in-depth report of McKinsey experts 
examined the role of technology in shaping modern 
industries (McKinsey 2017b). The authors conclude that 
digitization is driving a “radical reordering of tradi-
tional industry boundaries,” leaving whole sectors ripe 
for disruption. “The mobile Internet, the data-crunch-
ing power of advanced analytics, and the maturation of 
artificial intelligence (AI) have led consumers to expect 
fully personalized solutions, delivered in milliseconds. 
Ecosystem orchestrators use data to connect the dots - 
by, for example, linking all possible producers with all 
possible customers, and, increasingly, by predicting the 
needs of customers before they are articulated. The more 
a company knows about its customers, the better able it is 
to offer a truly integrated, end-to-end digital experience, 
and the more services in its ecosystem it can connect to 
those customers, learning ever more in the process.”
In another McKinsey report concerning “The art of 
project leadership: Delivering the world´s largest pro-
jects” (McKinsey 2017a), it is stated that “troublingly, 
large capital projects that are completed on schedule and 
within budget are the exception, not the rule. We reviewed 
a dataset of more than 500 global projects above the US $1 
billion in resource industries and infrastructure and found 
that only 5 percent of projects were completed within their 
original budget and schedule. In completed projects, the 
average cost overrun was 37 percent and average schedule 
overrun was 53 percent.” It is pointed out that the disrup-
tive influence of failures in project leadership, ineffective 
culture of the project organization, failed mechanisms of 
collaboration between multiple parties involved are some 
of the levers for improving the performance of large pro-
jects, especially as scale and complexity of projects are 
increasing.
Last but not least, the productivity gap in the EPC 
business must be dealt with. Reports (McKinsey 2017c) 
point to the fact that in the construction industry, the 
annual productivity growth during the last two decades 
has been only 1%, that the industry is lagging behind 
overall economy productivity by 50% and that in total 
a boost in productivity of approximately 50-60% could 
be achieved, which amounts to $ 1.6 trillion additional 
value:
“Construction is among the most fragmented indus-
tries in the world, the contracting structures governing 
projects are rife with mismatched risk allocation, and 
owners and buyers, who are often inexperienced, must 
navigate a challenging and opaque marketplace. The 
results are operational failures within firms, including 
inefficient design with limited standardization; insuf-
ficient time spent on planning and implementing the 
latest thinking on project management and execution; 
and a low-skilled workforce. In addition, the construc-
tion industry is highly volatile and has bottom-quartile 
profit margins compared with other sectors, constraining 
investment in the technology and digitization that would 
help raise productivity.”
Summing up all the findings, there is a real potential 
for the EPC business to improve its overall performance. 
All reports show measures for drastically reducing costs 
as well as scheduled times, for improving the overall pro-
ductivity by learning from good practices and other indus-
tries, performing systematic organizational change, and 
by using modern technologies to the best extent.
5  Results and conclusions
After studying a multitude of reports, discussing the 
matters with about a hundred experts and analyzing 
more than a dozen case studies, the research project 
was able to conclude that it’s possible to save more up 
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to 50% of CAPEX in EPC projects! However, unleashing 
the  potential depends on a number of factors that need to 
come together.
First of all, the EPC business is complex, and every 
business, every project is special. There is no standard 
solution that fits all. Solutions that may work in one busi-
ness case might fail in the other, as ownership structures, 
regional aspects, technical conditions or the markets are 
completely different. This is why the research had to con-
sider a multitude of perspectives.
Second, no individual player within the value chain 
will accomplish this target on their own. CAPEX is the 
total of CAPEX, including the costs of project devel-
opment, the costs of engineering/procurement/con-
struction, the cost of project management, and project 
governance. Such a radical reduction may only be feasi-
ble if developed along the entire value chain, and here 
the first link in the chain is the investor. The investor 
defines the strategy for project development and decides 
between the traditional “LSTK” approach or an innova-
tive partnership approach that takes on board the experi-
ence and competence of all parties involved from the very 
first moment. The next in the chain, the EPC contractor, 
is also not able to realize 50% cost savings if sub-suppli-
ers do not contribute to this, and if all sub-suppliers had 
not passed these savings on to their respective customers 
in form of reduced prices on their scope of supply and 
services. Finally, one of the levers is to reduce supplier 
tiers from five or more to three or less by applying coop-
eration agreements.
There are success factors and reasons for failure that 
follow a larger pattern, and the goal of this research was to 
capture and evaluate these factors, and to give structure to 
the overall pattern in a holistic approach. The model used 
was a holistic model for business transformation covering 
four success-critical dimensions, “People,” “Organiza-
tion,” “Processes & Methods,” and “Technology.”
The basic principle of this model is the experience 
that any business transformation needs to happen bal-
anced across all four dimensions. Initiatives that limit 
the effort to cover one or two of these dimensions will 
fail if the other dimensions are neglected. Therefore, 
recommendations are assembled comprehensively, with 
digitalization as the leading (and potentially disruptive) 
technology foundation. On this foundation, we define 
four pillars of organizational and process/methods-re-
lated changes, covered by the roof of human behavioral 
changes—the people dimension and ultimately the most 
challenging part of all.
Digitalization is the foundation. Ten years ago, most 
experts would have agreed to the thesis that we should 
first define the processes and then select and define the 
corresponding IT solutions. In the age of Industry 4.0, we 
recognize that IT is developing new solutions and new 
opportunities at a speed that our business processes are 
hardly capable of following. We are too slow in evolving 
our business processes to give them the lead; digitaliza-
tion is the driver that imposes changes, sometimes disrup-
tion on traditional business models. In other industries, 
this is already a reality, and we should not exclude the 
same happening in the future in the EPC of industrial 
plants. The title of the initiative “EPC 4.0” references 
Industry 4.0 as a “fourth” industrial revolution driven by 
(software) releases.
The research team has identified four major fields 
of action to address changes in organization and in pro-
cesses and methods, which are all linked to each other:
Collaboration by partnership makes reference to the 
public infrastructure sector, suggesting specifically that 
investors/owners/operators consider contractual models 
different from the traditional EPC LSTK approach, such 
as alliance contracts or lean integrated project delivery 
models (Cheng et al. 2019).
Flat supply chain references examples of supply chain 
integration from the aviation and automotive industry, 
suggesting partnerships with strategic suppliers that go 
beyond the capital project horizon and into the field of 
operation and maintenance.
Flexible organization advocates standardization of 
project management, EPC processes, as well as stand-
ardization in qualifications to enable the EPC business to 
adjust flexibly to business cycles with organization struc-
tures scalable to market needs.
Focus on core competences finally suggests that all 
participants share work scope and associated risks with 
the party who is best capable and competent in managing 
these. This focus releases resources for urgently required 
innovations: innovations in plant technology, such as 
modularization, innovation in state-of-the-art informa-
tion technology to increase productivity and reduce non-
conformance and underperformance costs.
5.1  The human factor
All these changes will not be successful without the 
support of the people working in our industry. The 
magnitude of changes triggered by Industry 4.0, in 
organizations, in processes and methods, requires a 
transformation program driving a cultural change in 
the behavior of our human resources. There are well-es-
tablished tools and methods to guide organizations, 
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companies, or project teams to work towards a change in 
attitude and mindset.
A reduction of up to 50% of CAPEX? What at first 
glance may look like utopia may not be impossible if 
broken down into smaller elements where we are wasting 
money in our capital projects today. Planned CAPEX and 
the as-built CAPEX in reality differ significantly—the cost 
overspend in megaprojects ranges between 30 and 50% 
on average!
But even when analyzing the planned CAPEX: the 
cost of lost productivity, transaction costs that do not 
add value, such as the costs of mark-up fees, the cost of 
duplicating project organizations for project governance, 
the cost of bidding, the cost of claiming and penalties, the 
cost of risk contingencies in CAPEX… All in all, we con-
clude that up to 50% of the money we spend on capital 
projects is avoidable and does not contribute to the value 
of the assets we build.
The following example is not aimed at proving the 
feasibility of saving up to 50% CAPEX. The savings poten-
tial is limited by the nature of the business case, market 
conditions, owner’s structure, region of project execution 
and operation, and many other factors that impact the 
cost breakdown of CAPEX. However, it invites investors, 
owners, and contractors to explore the savings potential 
for their specific business cases if the measures described 
in this report are implemented successfully.
With the random example, a CAPEX cost breakdown 
is provided, with a 13% share of the owner’s costs, and 
an 87% share of what in an LSTK setup would be the EPC 
contractor’s share. We are aware that some projects come 
with owner’s costs as low as 10%, while in others, the 
owner’s costs make up a share of up to 30%. Costs of engi-
neering can vary in a range from as low as 5% to as high 
as 30%, depending on the degree of engineering reuse 
and depending on the location of the engineering team 
in a high- or low-salary region. The share of construction 
costs, specifically construction labor, may be significantly 
higher if the project is executed in a high-cost region, for 
example, the US or Northern Europe. The share of equip-
ment and (bulk) material costs depends on the technology 
of the plant. Consequently, the figures below are not rep-
resentative of “EPC projects” in general, as they can illus-
trate one dedicated example only.
In the calculation presented in Table 1, the cost break-
down can be read as absolute figures, representing a 
project with a total budget of 100 Mio EUR, or as a percent-
age. The individual savings are multiplied to determine 
the total saving, and it is important to understand that 
the levers in each saving category must be different and 
independent from each other. In this example, we have 
identified four major (and independent) levers to achieve 
savings: team integration, productivity, transaction costs, 
and schedule acceleration.
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5.1.1  Team integration
The total number of personnel involved in the man-
agement, supervision and governance of the project, 
traditionally (more than) duplicated in parallel project 
organizations for the owner, for the EPC contractor, for 
the construction company and lower-tier subcontractors 
may be halved just by forming integrated teams based on 
contractual schemes supporting partnership.
5.1.2  Productivity
Exploiting the full potential of digitalization, such as BIM 
or automation in construction management, the reduction 
of claims and claims defense, the integration of suppliers 
and the early involvement of all parties may lead to a sig-
nificant increase of the productivity of owner’s manage-
ment, project management and construction and start-up 
management up to 30%. Possible productivity gains in 
engineering, in the manufacture of equipment and con-
struction (labor productivity) in the range of up to 30% 
may be achieved through the reduction of waiting times, 
reduction of charges, and higher professionalism in coor-
dination and supervision. These savings are still conserv-
ative compared to the overall productivity gap between 
the construction industry and other sectors of 30–80%.
5.1.3  Transaction costs
Reducing transaction costs (that according to CII may sum 
up to 40% of the project costs) is a significant lever. We 
point to the fact that duplication of project organizations 
for governance or reduction of claims are also transac-
tional costs, but not considered here. In the example an 
additional reduction of up to 10% may be achieved by flat-
tening the contracting pyramid, eliminating double mark-
ups in equipment supply and construction (management, 
labor, bulk material, and site logistics). Another major 
factor is the reduction of (double) risk contingencies by 
half across all levels of tier organizations from a total of up 
to 7–8% down to a range of 3–4%.
Finally, the category “special costs” includes posi-
tions such as traveling, but to a significant share also legal 
costs (in some projects up to 10%!) or other costs that are 
associated with defending contractual positions which do 
not add value to the overall project. Applying the partner-
ship approach in contracting may eliminate up to 80% of 
these special costs.
5.1.4  Schedule acceleration
McKinsey determined an average of 53% schedule 
overrun on megaprojects (McKinsey 2017a), and the exe-
cuting contractors consider this experience to a certain 
degree in their project schedules. While this research 
highlights the potential saving in terms of cost (CAPEX), 
the same levers (such as digitalization, collaboration, 
productivity gains, etc.) will also translate into shorter 
project execution times. A reduction of 20% in overall 
project duration and construction duration, as consid-
ered in the example, will directly reduce the time-de-
pendent cost positions, for example, owner, project 
management, engineering, and construction costs (man-
agement, labor, and site logistics).
The example shall illustrate the potential impact 
of the different levers identified and described in this 
research to a sample cost breakdown. In this specific 
example, if we consider a CAPEX of 100 Mio EUR before 
savings, the aggregation of all potential savings will 
drive CAPEX down to 50 Mio EUR after savings, a reduc-
tion by 50%!
Overall, the saving potential in CAPEX may be in a 
range of 30–50% of the planned costs, and this poten-
tial does not include the elimination of nonconformance 
costs, as these costs never enter a budget but only will 
result in cost overspend. Just to recall: McKinsey [McK-
insey 2017a] determined an average of 37% cost overrun 
on megaprojects.
Finally, it must be mentioned that the recommenda-
tions given in this research, such as supplier integration, 
operations readiness, or predictive maintenance, shall 
also help to drive OPEX down. Finally, the improvements 
in CAPEX and OPEX will result in a significantly better 
financial model for the business case, leading to better 
financing conditions, higher margins, and finally an 
attractiveness for investors that can compete with other 
industries.
Now it’s up to the decision-makers of the EPC indus-
try to simply start changing the business. The ones who 
succeed will be the leaders of tomorrow in EPC business. 
A faster way of improving the business is to analyze what 
other industries, sectors, and firms are doing and to apply 
lessons learned. There is no “silver bullet” to tackle the 
situation in EPC business. However, it’s insightful to see 
how EPC is applied in other sectors and how industries, 
such as automotive and aerospace, are improving produc-
tivity, applying new (digital) technologies, and perform-
ing agile and collaborative practices.
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